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[57] ABSTRACT 
In an apparatus for applying dielectric or metallic sub 
stances, such as silicon dioxide, for example, to a sub 
strate (15) disposed in a vacuum chamber (16, 17), the 
apparatus having an electron emitter (9) and having 
solenoid coils (30, 42) disposed in the area of the vac 
uum chamber, the electron emitter (9) is disposed in a 
separate generator chamber (37) forming the anode (11) 
and communicating with the vacuum chamber (17), so 
that, after the process gas is introduced into the genera 
tor chamber (37) a large-area plasma jet (8) is produced 
which is guided by the action of magnets (6, 20, 30, 42) 
between the electron emitter (9) and a melting furnace 
(7) disposed in the vacuum chamber (17), while the 
vapor stream issuing from the melting furnace (7) is 
accelerated and reaches the substrate (15) as activated 
vapor. 

5 Claims, 1 Drawing Sheet 
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APPARATUS FOR APPLYING DIELECTRIC OR 
METALLIC MATERIALS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The invention relates to an apparatus for applying 

dielectric or metallic materials, silicon dioxide for exam 
ple, onto a substrate disposed in a vacuum chamber, 
having a gas inlet leading into the vacuum chamber, 
having an electron emitter, and having magnets dis 
posed in the area of the vacuum chambers; more partic 
ularly, apparatus in which the electron emitter is dis 
posed in a separate generator chamber which is in com 
munication with the vacuum chamber where the gener 
ator chamber forms the anode and has an inlet for the 
process gas. 

2. Discussion of Related Art 
It is known that, at a certain vaporization rate, quartz 

vapor decomposes to SiO and O. The coatings obtained 
by the simple thermal vaporization of quartz usually 
have an oxygen de?cit, so that an oxygen atmosphere is 
usually maintained during the coating (by the addition 
of outside oxygen). 
An increase of the rate of deposition of stoichiometric 

SiOz coatings can be achieved by activating the SiO; 
vapor by plasma excitation. A variety of reactive vapor 
deposition methods are known, which operate with an 
additional plasma excitation, e.g., the ARE (activated 
reactive deposition) method in which plasma excitation 
is achieved in electron beam vaporization by means of 
an additional electrode; furthermore, methods are 
known which operate by highfrequency plasma excita 
tron. 

Furthermore, a plasma generator with an ion beam 
generator is known (article by D. M. Goebel, G. A. 
Campbell and R. W. Conn in JOURNAL OF NU 
CLEAR MATERIAL 121 (1984), 277~282, North Hol 
land Physics Publishing Division, Amsterdam). The 
generator is disposed in a separate chamber connected 
to the vacuum chamber, while the- approximately cylin 
drical wall of this separate chamber forms the anode 
and is provided with an inlet connection for the process 
gas. The cylindrical chamber is provided with annular 
solenoids and with tubes for cooling the chamber wall. 
The electron emitter itself is situated on a portion of the 
wall closing the one end of the cylindrical chamber 
facing away from the actual vacuum enclosure. 

SUMMARY OF THE INVENTION 

It is the purpose of the present invention to create an 
apparatus for the vapor depositing of materials, espe 
cially for quartz (SiOg), which will deposit vapor at a 
very high rate and can produce stoichiometric, dense 
quartz coatings on a ?lm, of the kind needed for the 
packaging industry. Transparent barrier coatings of this 
kind are needed, for example, for the visible packaging 
of foods and for packaging transparent to microwaves. 
Furthermore, the apparatus is to permit the application 
of scratch-resistant coatings to plates or other sub 
strates. 
An electron emitter disposed in a separate generator 

chamber corresponding to the vacuum chamber and 
forming the anode produces, after the introduction of 
the process gas, a large-area plasma jet which is guided, 
under the action of magnets, between the electron emit 
ter and a melting furnace disposed in the vacuum cham 
ber underneath the substrate. The plasma jet strikes the 
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2 
cloud of vapor issuing from the melting furnace (7), so 
that the activated vapor reaches the substrate. 

Preferably, an inlet connection for a gas, such as 
oxygen for example, leads into the apparatus between 
target and substrate, so that the vaporized material re 
acts with the gas on the substrate surface or before 
growing on the substrate. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole ?gure is a diagrammatic section view of the 
apparatus with a separate plasma source for coating 
tapes and ?lms. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The coating apparatus consists substantially of a vac 
uum enclosure 1 with pump connection 2, the supply 
roll 3 and winder 4 rotatably mounted in the vacuum 
enclosure. The coating cylinder 5 is, likewise, rotatably 
mounted. The partition wall 18 divides the vacuum 
enclosure 1 into two chambers 16 and 17. THe tubular 
connection 19 runs transversely in the vacuum enclo 
sure 1 parallel to the partition wall 18. The tube 22 
wound about the tubular connection forms a solenoid 6 
and a cooling coil. A melting furnace 7, with resistance 
heating 14 and solenoid 20, is held on a base support 24 
in a position perpendicular to the partition wall 18. The 
tubular connection 19, and the two cables 25, 26 carry 
ing electric current, like tube 22, are brought sealingly 
through the one end wall 27 of the vacuum enclosure 1 
at 8, 8’, etc. 

Furthermore, the coating apparatus has a rail 29 
?xedly disposed on the other end wall 28 of the vacuum 
enclosure 1. On this rail the solenoids 30 and 42 with 
their coil mountings 31 and 32 are held and guided for 
displacement in the direction of the arrow A. The anode 
11 in the form of a tube concentric with the solenoids 42 
and 30 is provided, whose longitudinal axis is aligned 
with the longitudinal axis of the connection 19 in the 
chamber 17 of the vacuum enclosure 1, and whose end 
remote from the vacuum enclosure 1 is closed with an 
insulator 21 which bears an electron emitter 9 with 
heater 10. 
The anode 11 has at its end adjacent the vacuum 

enclosure 1 a ?ange 33 by which it is held on the end 
wall 28 of the vacuum enclosure 1. However, between 
the ?ange 33 and the end wall 28 there is an insulator 34 _ 
which electrically insulates the tubular anode 11 from 
the connection 19 and end wall 28. The tubular anode 
11 is provided‘ laterally with an inlet connection extend 
ing radially outwardly, and is surrounded by a coil 12 of 
tubing through which cooling water flows. The insula 
tor 21 is af?xed to a perforated plate 35 on which the 
water and electrical lines 36, 36', etc. are provided. 

In the interior of the evacuated, generator chamber 37 
of tubular con?guration, electrons are emitted from the 
electron emitter 9 over on a large area and are acceler 
ated by the anode 11. A plasma is ignited by gas simulta 
neously admitted into the generator chamber 37 
through the connection 13. 
By means of the solenoids 6, 30, 20, 42, which sur 

round the generator 37 and the melting crucible 7, and 
the solenoid 44 disposed above the coating cYlinder 5, 
the plasma is restricted to a tubular area between the 
electron emitter 9, the generator chamber 37, the sub 
strate l5 and the melting furnace'7. The magnetic ?eld 
brings it about that the emitted primary electrons drift 
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along the lines of force and can reach the anode only 
through collisions, the quartz vapor issuing from the 
crucible 38 ?lled with molten quartz being activated by 
the plasma jet S1. The atoms and molecules thereby 
activated drift along the magnetic lines of force toward 
the substrate ?lm 15. Thus, an ion stream of high inten 
sity (up to an A/cm2 order of magnitude) is available at 
the nozzle plate 23 of the melting crucible 38. By vary 
ing the magnetic ?eld it is possible to “bend” the plasma 
jet S1 by as much as 90 degrees. Consequently the in 
stalled position of the melting furnace 7 relative to the 
longitudinal axis of the generator chamber 37 and to the 
connection 19 and substrate 15 can be chosen within 
certain limits. 
The melting furnace 7 for the vaporizing of quartz is 

preferably made of graphite. At the desired heating 
temperatures of l500° to 200020 C., graphite has the 
lowest reaction with quartz. The graphite furnace is 
constructed such that the wetting of the graphite wall 
by the quartz material in the alternating-temperature 
mode of operation (heating the furnace up and cooling 
it down) does not produce any basic damage to the 
furnace. For this purpose the inner lining of the furnace 
is of segmented construction. The graphite furnace is 
heated by a resistance heater 14 or by an induction 
heater not shown in the drawing. An appropriate radi 
ant-heat insulation 39 serves to minimize the radiation 
losses. The upper part of the furnace 7 is equipped with 
a nozzle plate 23 to provide for additional aiming of the 
vapor stream at the substrate 15. By an appropriate 
heating system (resistance heating, heating by direct 
passage of current, or heating by the plasma jet itself), 
this nozzle plate can be kept at a temperature at which 
no condensation of the SiO; takes place. 
The plasma jet S1 is aimed by the magnetic ?elds of 

coils 6 and 20 at the funnel-shaped opening 40 or nozzle 
plate 23 of the furnace 7. An intense interaction thus 
occurs at the point of greatest vapor density. 
By means of an oxygen nozzle 41 for the controlled 

admission of oxygen into the plasma cloud, the vapor 
jet can be aimed more toward the vapor cloud, but it 
can also be aimed more at the substrate 15. 
The combination of the three components, namely 

melting furnace 7, plasma source 9 and the cooled coat 
ing cylinder 5, makes it possible to achieve a uniform 
coating rate over the length of the coating cylinder 5. 
For that purpose the furnace 7 for the vaporization of 
the quartz must be kept at a very uniform temperature, 
which can be achieved by the appropriate dimensioning 
of the heater 14. Independently of the thermal vaporiza 
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4 
tion, the plasma source 9 provides the excitation of the 
SiO; vapor necessary for a high-quality coating. 
The described plasma source 9 has the advantage that 

it produces a plasma of very high electron density, 
which is advantageous for the activation of the vapor, 
while the plasma jet S is guided by appropriate mag 
netic ?elds. 
By combining a classical thermal vaporizer with sep 

arate plasma excitation, the deposition rate and the 
degree of ionization can thus be adjusted independently, 
resulting in great ?exibility in the production of the 
desired coating structures and coating stoichiometries. 
We claim: 
1. Apparatus for vapor deposition of a material onto 

a substrate, comprising 
a vacuum chamber; 
a melting furnace in said vacuum chamber, said melt 

ing furnace vaporizing said material, said furnace 
comprising a crucible, a heating coil at least partly 
surrounding said crucible, a nozzle plate with an 
opening on top of said crucible, and a funnel-like 
collar surrounding said opening; 

a generator chamber communicating with said vac 
uum chamber, said generator chamber having 
therein an electron emitter and an inlet for process 
gas between said emitter and said vacuum cham 
ber; 

magnetic ?eld producing means for accelerating said 
electrons from said emitter toward said vacuum 
chamber, thereby producing a plasma at said pro 
cess gas inlet, said plasma in turn being accelerated 
as a plasma jet toward said vacuum chamber; 

magnetic ?eld producing means comprising a sole 
noid coil surrounding said furnace and said nozzle 
plate for aiming at least part of said plasma jet at 
said funnel-like collar, thereby activating material 
vapor issuing from said furnace, whereby, 

a substrate located above said furnace will be exposed 
to said activated vapor. 

2. Apparatus as in claim 1 further comprising a gas 
inlet leading into the vacuum chamber between the 
melting furnace and the substrate, whereby the vapor 
ized material can react with a gas admitted by said inlet 
before being deposited on said substrate. 

3. Apparatus as in claim 1 further comprising a heat 
shield between said heating coil and said solenoid coil. 

4. Apparatus as in claim 1 wherein said crucible, said 
nozzle plate, and said funnel-like collar are made of . 
graphite. 

5. Apparatus as in claim 1 wherein said solenoid coil 
surrounds said funnel-like collar. 

* i i i l 
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